ABSTRACT When [8-14C]-N-(A'-isopentenyl) adenosine is incubated with the endosperm of corn (2 weeks after pollination), it is converted to ['4C]-N6-(4-hydroxy-3-methylbut-2-trans-enyl) adenosine, trans-ribosylzeatin. This biosynthetic step, N6-(A2-isopentenyl)adenosine to ribosylzeatin, also occurs in the mycorrhizal fungus, Rhizopogon roseolus.
N_-(A2-isopentenyl)adenine; RZ: ribosylzeatin, N'-(4-hydroxy-3-methylbut-2-enyl)adenosine; the name zeatin originally designated the trans isomer but since both cis and trans isomers exist in nature it is helpful to specify the isomer. In this paper the prefix trans and cis are used if the sample in question has been positively identified as one or the other isomer, otherwise these prefixes are omitted.
5.0; thiamine HCl, 0.1; nicotinic acid, 0.5; pyridoxine HCl, 0.5; glycine, 2.0; Na2FeEDTA 35; i-inositol, 100; sucrose, 30,000. Mycelia for inoculation (1) (2) (3) (4) mg/ml, dry weight) were prepared by blending mycelial suspensions for 5 sec in a Waring Blendor. Cultures were aerated on a gyratory shaker in the dark at 27 C.
Cultures of a cytokinin-dependent soybean strain, Glycine max (L.), Merril var. Acme, were used to bioassay cytokinin activity (4, 20) . A strain of Zea inays L., NK 75, was grown in a greenhouse. A hybrid strain, W64A X WI 82E, was grown in a growth chamber. TLC was carried out on Eastman 6060 silica gel plates with fluorescent indicator. Solvents used were (v/v): A: 1-butanolwater-concentrated NH4OH (86:14:5); B: tert-butanol-concentrated NH4OH-water (3:1:1); C: 95% ethanol-0.1 M (NH4)ABO3, pH 9 .0 (1:9); D: 2-propanol-concentrated NH,OHwater (7:1:2); E: ethyl acetate-l-propanol-water (4:1:2); F: CHCl,-ethanol (85:15); G: 1-butanol-glacial acetic acid-H,O (5:3:2).
Gas-Liquid Chromatography. (Fig. 2) . This latter system resolves completely the cis and trans isomers (26) .
2. Authentic trans-RZ (0.3 mg) was added to product 1 (1000 cpm) in 0.3 ml of water and the solution was treated with 0.8 ml of 0.01% KMnO, for 15 min at 25 C (18, 23) . Excess KMnO, was destroyed by adding ethanol and allowing the mixture to stand 15 min. The reaction mixture was chromatographed on paper in solvent B. Three ultraviolet-absorbing products were obtained, N-(9-ribosylpurin-6-yl)glycine, adenosine, and an unidentified compound (18, 23 ) (see Fig. 7 for profile of a similar experiment). The three spots were eluted with water and the optical density and radioactivity measured. The amount of the three degradation products normalized to 100% was N-(9-ribosylpurin-6-yl)glycine, 21 3. When zeatin is heated in acid it degrades to two ultraviolet-absorbing products which have not been characterized (18) . RZ undergoes a similar degradation. Product 1 (4 X 104 cpm) the solution was heated for 2 hr at 90 C. The HCI was removed and 1.1 mg of trans-RZ were dissolved in 2 ml of 1 N HCI and by evaporation in vacuo and the residue was fractionated on a Sephadex LH-20 column. Three ultraviolet-absorbing peaks were obtained amounting to 3.1, 52.1, and 43.5% of total ultraviolet absorption (269 nm). The radioactivity of the peaks amounted to 5.2, 49.1, and 44% of total (Fig. 3) . The two sets of ratios demonstrate a similar breakdown pattern between the radioactive product from R. roseolus and trans-RZ.
Conversion of Adenosine to i6Ado in R. roseolus. A 2-dayold culture of R. roseolus containing i6Ado (0.17 mM) (5 ml) was incubated for 6 days with 3 yc of [8-"C]-adenosine. The culture medium was fractionated in a Celite-545 column. Fraction 1 was evaporated to dryness and the residue was redissolved in 0.5 ml of 35% ethanol. This material was fractionated on an LH-20 column (Fig. 4) . The fraction corresponding to peak B contained 3.5 X 104 cpm. It was evaporated to dryness. It was identified as i6Ado on the basis of the following criteria.
1. It cochromatographs with authentic i6Ado in solvents A, C, D, and E.
2. A sample of B (500 cpm) and 1.0 mg of authentic i6Ado in 1.0 ml of water containing 0.4 ,umole of MgCl, and 50 /,Lmoles of phosphate, pH 6.4, was treated with purified chicken bone marrow N6-(A2-isopentenyl)adenosine .A2-isopentenylaminohydrolase according to the method of Hall et al. (7) . The radioactive product was converted to inosine (identified by paper chromatography in solvent D).
3. On hydrolysis in 1 N HCl for 15 min at 100 C i6Ado is converted to two products, N6-(3-hydroxy-3-methylbutyl)adenine and 3H, 7, 7-dimethyl-7, 8, 9-trihydropyrimido-(2,1-i)-purine (27) . A sample of B (2300 cpm) and 0.3 mg of i6Ado was hydrolyzed in 0.25 ml of 1 N HCI. The reaction mixture was chromatographed on paper in solvents D and E. In both cases two discrete radioactive spots migrating coincidently with the two marker products were detected. 4 . On treatment with KMnO4, i6Ado is oxidized to N6-(2,3-dihydroxy-3-methylbutyl)adenosine, adenosine, and a third unidentified product (27) . A sample of B (1500 cpm) and 0.5 mg of i6Ado dissolved in 0.5 ml of water was oxidized with 0.8 ml of a 0.01% aqueous solution of KMnO4 for 10 min at 25 C. The reaction mixture was diluted with excess ethanol and the mixture was left for 15 min. The reaction products were chromatographed in solvent D. Three discrete radioactive spots were detected coinciding with the three ultraviolet-absorbing products resulting from the oxidation of the marker i6Ado. 5 . Peak B was converted to the free base i6Ade. A sample (500 cpm) was treated with 3 ml of 0.1% NaIO4 solution for 1 hr at room temperature. The solution was made basic with 0.8 ml of NH4OH and heated for 1 min at 93 C. Under these conditions the ribose is removed and the radioactive product cochromatographed with i6Ade in solvent A. Peak C was identified as i'Ade by means of chromatography on paper with an authentic sample in solvents A, C, and D. Acid hydrolysis of peak C as described above yielded the two characteristic products that cochromatographed with the authentic products of acid degradation. Rapid labeling of i6Ado in cultures of R. roseolus. The above experiment shows that in a matter of several days i6Ado is converted to trans-RZ. On a short term basis, however, the principal product starting with radioactive labeled adenosine or adenine is i8Ado. The mycelia from a 2-day-old culture (15 ml) were transferred to 5 ml of fresh medium containing 8 Conversion of i6Ado to trans-RZ by Corn Kernel Slices (Table I). Husked ears of var. NK 75, picked 2 weeks after pollination, were immersed for 5 min in a 1.2% (w/v) solution of sodium hypochlorite and washed several times with sterile water. The kernels were sliced parallel to the cob axis. The slices contained outer wall, aleurone layer, and endosperm; the scutellum was avoided. The slices were incubated (see Table I for time) in 10 ml of sterile buffer containing the [8-`4C]-i'Ado, 500 arg of chloramphenicol, and 670 ,umoles of NaKHPO4 buffer, pH 7.0. The mixture was aerated on a gyratory shaker at 27 C.
The slices were filtered on miracloth, washed with 100 ml of 0.15 M NaCl, and ground in a mortar and pestle with enough 95% ethanol to give a final concentration of 70% ethanol. The extract was centrifuged at 10,000g and the pellets were reextracted twice with S ml of 70% ethanol. A total of 200 [kg of trans-RZ was added during the extractions to serve as a carrier. The ethanol was evaporated in vacuo and the residue was dissolved in 10 ml of water. The pH of the solution was adjusted to 8.5 with NaOH; MgCl2 (to 10 mM) and 10 mg of intestinal alkaline phosphatase were added. The mixture was incubated for 1 hr at 37 C, after which it was evaporated in vacuo. The residue was chromatographed on a column of Celite-545 in solvent E. Fraction 2, containing RZ, was evaporated in vacuo and the residue was dissolved in 0.5 ml of 35% ethanol, and applied to an LH-20 column. The fraction containing RZ was evaporated to dryness, and the residue was chromatographed on paper in solvent D. Three peaks of radioactivity were detected (Fig. 6) .
The identity of the radioactive compound, C, was confirmed by means of the following criteria. (a) The radioactive product was mixed with cis-and trans-RZ and chromatographed on TLC in solvent F. A pattern identical with that shown in Figure 2 was obtained. (b) The material was sensitive to KMNO4 oxidation, yielding the characteristic products described under "Conversion of i'Ado to trans-RZ in R. roseolus" (Fig. 7) . (c) A sample of radioactive product (520 cpm) and marker trans-RZ (100 p/g) in 0.4 ml of water was treated for 10 min with two Authentic i6Ado A Rhizopogon 6 3 Minutes 63Minutes K drops of bromine water at 25 C. The mixture was evaporated in vacuo and chromatographed on TLC in solvent F. A new radioactive product migrating coincidently with the brominated RZ product (Fig. 8 ) was observed at RF 0.34. The identity of the radioactive peak moving coincidently with adenosine, B (Fig. 6) , was confirmed as adenosine by rechromatography with a standard on TLC (solvent F) and on paper (solvents A and G). In each case the radioactive material migrated as a discrete spot together with the standard. Plant tissue contains an enzyme system that converts i6Ado to adenosine (25) . Unpublished results obtained in this laboratory show that corn kernels also contain this enzyme system. Thus, conversion of a portion of the i6Ado to adenosine is not unexpected.
The experiment was repeated under differing conditions. In one experiment, table corn purchased from a grocery was used. Dried seeds of var. NK 75 that had been soaked in tap water for 2 days wvere also tried. The results are summarized in Table I pollination were sliced off and the upper portion of the endosperm was scooped out. The endosperm (4.72 g) was suspended in 10 ml of buffer (see "Conversion of i6Ado to trans-RZ by Corn Kernel Slices.") containing [8-'4C]-i6Ado (1.4 x 10' cpm) and the mixture was incubated for 12 hr on a gyratory shaker at 27 C. Trans-RZ was isolated and identified as described under "Conversion of i'Ado to trans-RZ by Corn Kernel Slices." The results are summarized in Table I . Incubation of [8-`4C]-Adenosine with Corn Kernel Slices. The experiment described under "Conversion of i6Ado to trans-RZ by Corn Kernel Slices" was repeated in which [8-"C]-adenosine (2.6 X 10' cpm) replaced [8-`C]-i6Ado. The incubation was carried out for 22 hr and the mixture was analyzed in an identical fashion. The final paper chromatographic profile (analogous to Fig. 8) showed a radioactive peak corresponding to adenosine but no radioactivity in the area corresponding to RZ was detected.
Conversion of i6Ado to RZ in Kernels of Intact Corn Plant (Table II) . Three ears of var. NK 75 about 2 weeks after pollination were used attached to the plant. The ears were husked and the endosperm of each kernel was injected with 2 ,ul of sterile solution containing 300 or 1100 cpm of [8-`C]-i6Ado. Two or fifteen hours after incubation the kernels were homogenized in a mortar and pestle with enough ethanol to make a 70% mixture. Carrier RZ (100 ,ig) was added during the homogenization. The extraction was repeated twice. The combined extracts were evaporated in vacuo and the residue was chromatographed on a Celite-545 column and then on a Sephadex LH-20 column as described under "Conversion of i6Ado to trans-RZ by Corn Kernel Slices." The fractions which contained RZ were chromatographed on paper in solvent D. A radioactive profile similar to that shown in Figure 6 tained. The experiment was repeated three times; the yield of radioactive products corresponding to trans-RZ is shown in (3, 13) . The biosynthesis of practically all the modified components of tRNA has been described, and in every case it follows the general pathway in which modification occurs at the macromolecular level (6) . There is a precedence, however, for the existence of biosynthetic pathways of modified components of tRNA, independent of the tRNA. 1-Methyladenine, which is a gonad-stimulating hormone in the starfish ovary, is synthesized from methionine and an adenine derivative (28) . 5-Ribosyluracil can be synthesized from ribosylphosphate and uracil in a number of organisms (19) . It is important for an understanding of the significance of the biosynthesis of trans-RZ to comment on another metabolic reaction that i6Ado undergoes. An enzyme, found in cultured tobacco cells, catalyzes the conversion of i6Ado to adenosine (25) . Dr. C. D. Whitty in our laboratory has extended this observation to corn kernels (unpublished results). The activity of this enzyme in the present series of experiments can be noted by the fact that a substantial proportion of the radioactive i'Ado added to corn kernels is degraded to adenosine (Fig. 6 ). The ratios of activity of both the degradation enzyme and the hydroxylation enzyme probably vary with the maturity of the corn kernel. trans-RZ accumulates in larger quantities in early stages of fruiting and seems to disappear in the more mature stages (21, 23 (15) ).
Finally, the evidence points to the conclusion that a key compound, in terms of the biosynthesis of the cytokinin trans-RZ, is i6Ado.
